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Abstract. — A  radiographic  technique  has  been  developed  for  observ- 
ing and  quantifying  development  and  mortality  of  Blephanpa 
scutellata  I  Robineau-Desvoidy  > ,  Parasetigena  agilis  I  Robineau- 
Desvoidy  i ,  and  Compsilura  concinnata  (Meigen>,  tachinid  para- 
sites of  the  gypsy  moth,  Porthetria  dispar  (L.).  Puparia  cari  be 
examined  and  sorted  immediately  after  collection  and  decisions  on 
further  collecting  and  release  can  be  made  in  the  fall.  Healthy 
tachinid  pupae  can  be  placed  directly  in  a  release  area  eliminating 
the  handling  of  adults  the  following  spring. 
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Recent  increase  in  the  geographical  spread 
of  the  gypsy  moth,  Porthetria  dispar  (L.), 
has  stimulated  new  efforts  by  state  and  fed- 
eral agencies  to  develop  biological  control  pro- 
grams that  can  be  used  effectively,  at  new 
points  of  infestation,  to  inhibit  population 
increase  and  prevent  further  spread.  A  major 
component  of  this  approach  has  been  the  in- 
troduction of  parasites  into  the  incipient 
gypsy  moth  populations. 

Blepharipa  scutellata  (Robineau-Desvoidy), 
Parasetigena  agilis  (Robineau-Desvoidy),  and 
Compsilura  concinnata  (Meigen),  are  three 
important  tachinid  parasites  of  the  gypsy 
moth  in  natural  populations  in  the  Northeast. 
Procedures  for  collecting,  holding,  and  re- 
leasing these  dipterous  parasites  have  changed 
very  little  since  the  first  parasite-introduc- 
tion programs  were  initiated  in  the  early 
1900s  (Burgess  and  Crossman  1929). 

The  general  procedure  has  been  to  mass- 
collect  gypsy  moth  larvae  and  pupae  and  hold 


them  until  the  parasite  maggot  emerges.  C. 
compsilura  has  two  to  three  generations  per 
year.  The  first-generation  maggots  are  col- 
lected as  they  drop  from  third-  and  fourth- 
instar  larvae  and  then  are  held  in  a  moist 
regime  until  the  adult  emerges  from  the 
puparium.  Adults  may  then  be  released  at 
desired  locations  in  the  same  year.  B.  scu- 
tellata and  P.  agilis,  which  have  only  one 
generation  per  year,  are  allowed  to  drop 
directly  into  sand  or  some  other  overwinter- 
ing medium,  or  are  collected  after  puparia- 
tion  (Fraenkel  and  Bhaskaran  1973)  and 
placed  in  the  overwintering  site.  The  next 
spring  the  relatively  fragile  adult  flies  are  col- 
lected as  they  emerge  and  are  released  at  the 
desired  points. 

Although  the  procedures  are  relatively 
simple,  a  number  of  practical  problems  have 
appeared  that  greatly  reduce  the  efficiency  of 
the  method.  1.  Recent  investigations  into  the 
population   dynamics   of   tachinids   at  our 
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laboratory  indicate  that  a  high  prehiberna- 
tion  mortality  of  30  to  40  percent  may  occur 
between  pupariation  and  pupal  formation.  2. 
In  areas  in  which  the  tachinids  are  collected, 
the  parasites  are  themselves  parasitized,  while 
in  the  gypsy  moth,  by  the  hyperparasite 
Brachymeria  compsilurae  (Crawford),  which 
may  then  overwinter  as  a  larva  in  the  tachinid 
puparium.  3.  There  is  evidence  that  excessive 
handling  of  puparia  and  adults  can  cause  sig- 
nificant mortality. 

Techniques  have  not  been  developed  for 
periodically  sampling  overwintering  tachinid 
puparia  to  determine  the  number  of  healthy, 
diseased,  and  parasitized  fly  pupae.  Thus  it 
is  currently  impossible  to  predict  how  many 
adult  flies  will  be  available  for  release  in  the 
present  procedures  for  collecting,  holding,  and 
releasing. 

The  problem  of  observing  and  measuring 
the  development  and  activity  of  insects  when 


they  are  concealed  in  a  host  or  by  pupal  cov- 
erings has  been  successfully  solved  for  a 
variety  of  insects  and  host  material  by  using 
radiography  (Holling  1968;  Demars  1963; 
Graham  et  al  1964;  Kirkpatrick  and  Wilbur 
1965).  In  1973.  a  radiographic  technique  was 
developed  at  the  U.S.  Forest  Service's  North- 
eastern Area  State  and  Private  Forestry  field 
laboratory  at  Stroudsburg,  Pennsylvania,  for 
observing  and  quantifying  development  and 
mortality  of  tachinids  while  they  are  concealed 
in  the  puparium. 

Radiographs  of  puparia  were  taken  with  a 
Faxitron  shielded  cabinet  X-ray  system, 
model  8050-010.  (Mention  of  brand-name 
materials  should  not  be  construed  as  endorse- 
ment by  the  U.  S.  Department  of  Agriculture 
or  the  Forest  Service.)  A  series  of  test  expo- 
sures of  puparia  of  various  sizes  were  made, 
using  Kodak  Type  M  X-ray  film.  The  radio- 
graphs with  the  best  definition  were  shot  at 


Figure    1 . — Radiograph    of  Blepharipa 
scutellata  puparia.  Puparia  of  Paraseti- 
gena  agilis  had  similar  contents  and  can 
be  identified  just  as  easily. 
Al.  Hyperparasite,  polyembryonic 

hymenoptera. 
A2.  Hyperparasite,  diapausing 

hymenoptera  larva. 
A3.  Hyperparasite,  diapausing 

hymenoptera  larva. 
A4.   Dried  Blepharipa  scufellata 

pre-pupa. 
Bl .    Dried,  did  not  pupate. 
B2.    Fully  formed  8.  scutellata  pupa. 
B3.    Liquified,  partially  dried. 
B4.    Empty  except  for  small  amount  of 

dried  material  at  posterior  end. 
CI .  Fully  formed  8.  scutellata  pupa, 

dorso-ventral  view;  on  a 

radiograph  you  cannot  distinguish 

dorsal  or  ventral  because  specimen 

is  radio-transparent. 
C2.  Liquified,  two  air  spaces. 
C3.  Fully  former  8.  scutellata  pupa, 

lateral  view. 
C4.  Fully  formed  8.  scutellata  pupa, 

lateral  view. 
Dl.  Liquified,  partially  dried. 
D2.  Liquified,  one  large  air  space 

at  anterior  end. 
D3.  Fully  formed  pupa,  dorso-ventral 

view. 

D4.  Liquified,  air  space  in  middle. 


2 


Figure  2. — Radiograph  of  Compsilura  concinnata  puparia.  All  but 
number  4  contain  diapausing  hymenopterous  hyperparasites.  Num- 
ber 4  was  completely  dry,  but  there  was  no  external  evidence  to 
indicate  that  it  was  empty. 


25  KV,  9  mas  (large  puparia,  fig.  1)  and  20 
KV,  3  mas  (small  puparia,  fig.  2). 

Thirty-seven  puparia  were  radiographed  in 
three  groups:  10,  10,  and  17.  (Puparia  were 
held  in  moist  sand  or  vermiculite  until  they 
were  radiographed  and  dissected.)  The  con- 
tents of  each  puparium  were  described  on  the 
basis  of  radiographic  evidence  and  then  were 
dissected  for  verification.  Groups  were  exam- 
ined, described,  and  dissected  in  sequence  so 
that  radiographic  diagnosis  would  improve 
with  each  group.  Puparia  were  categorized  as 
containing  one  of  the  following:  (1)  a  devel- 
oped pupa;  (2)  liquified  or  dried  tissue;  (3) 
a  hyperparasite.  Overall,  only  two  were  mis- 
identified  and  both  of  these  were  in  the  first 
group  (table  1). 

Although  the  technique  was  developed  with 
a  relatively  small  number  of  puparia,  only  a 
few  modifications  would  be  necessary  to  screen 
larger  collections.  Holling  (1958)  developed  a 
lucite  holder  that  permitted  X-raying  250 
Neodiprion  sertifer  (Geoffroy)  cocoons  at  one 
time.  His  technique  proved  feasible  for  clas- 


sifying cocoons  containing  healthy,  parasitized, 
and  diseased  sawflies. 

Beyond  our  immediate  research  require- 
ments, the  radiographic  technique  would  be 
applicable  in  parasite  release  programs  in  sev- 
eral ways: 

1.  The  number  of  parasites  released  for 
either  the  establishment  of  the  species  or  as 
an  inundative  procedure  for  immediate  con- 
trol will  most  certainly  require  that  certain 


Table  1 . — Verification,  by  dissection,  of  radio- 
graphic predictions  made  for  contents  of  Blepharipa 
scutellata,  Parasetigena  agilis,  and  Compsilura  con- 
cinnata puparia. 


State 


Radiograph 
prediction 


Dissection 


Normal  fly  pupa 
Liquified  or  granular 
Hyperparasitized 
Diseased  pupa 
Deformed  pupa 


17 
15 
3 
1 
1 

37 


19 
14 

3 
1 
0 

37 
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numbers  be  available.  If  mass  collection  is  to 
be  part  of  such  a  program,  then  we  must  be 
able  to  assess  the  number  of  healthy  pupae  in 
any  particular  collection.  In  terms  of  costs 
and  benefits  (man-hours  spent  collecting), 
knowledge  of  the  presence  of  healthy  speci- 
mens might  indicate  whether  collecting  in  any 
particular  site  would  be  worthwhile. 

2.  Fall  introduction  would  eliminate  hold- 
ing cages  and  the  handling  of  emerging 
adults  in  the  spring. 

3.  Fall  collections  of  puparia  could  be 
placed  immediately  in  a  target  area  because 
the  possibilities  of  introducing  hyperparasites 
concealed  in  puparia  would  be  eliminated. 

4.  Radiography  provides  a  sampling  tool 
for  assessing  the  overwintering  population  in 
any  particular  area. 
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